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Phvsarum polvcephalum plasmodia contain highly active 
endogenous ribonucleases during this phase of their life 
cycle. Negating the degradative activities of these enzymes 
has been a serious impediment to the recovery of intact gene 
and gene products from this developmentally unique organism. 
Using a combination of three potent ribonucléase inhibitors, 
total cytoplasmic RNA was selectively purified on oligo (dT)- 
cellulose affinity columns and poly A (-) RNA were resolved 
into multiple discrete components by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis and linear sucrose density 
gradient centrifugation. Polysome integrity, for both total 
and poly A (-) RNA, was assessed by measuring messenger 
capacity to direct the incorporation of radio-labelled amino 
acid into protein. The [14C] arginine-rich H4 histone 
polypeptides synthesized in nuclease-treated wheat germ 
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in vitro translation extract were identified by rabbit anti- 
114 histone antisera and characterized on linear sodium 
dodecyl sulphate polyacrylamide gels using autoradiography. 
Experimental results from this study support the 
contention that polysomes extracted in the presence of high 
ionic strength buffer containing the divalent chelator, 
Ethylene Glyco-bis-( -Amino Ethyl Ether) N,N'-Tetraacetic 
Acid (EGTA) and the competitive ribonucléase inhibitor, 
Vanadyl Ribonucleoside Complex (VRC), showed both 
improvements in RNA yield and in vitro translation activity. 
The immunoprécipitation study demonstrates that poly A (-) 6- 
7S messenger RNA templates (200-320 nucleotides) from mid S- 
phase Phvsarum polvcephalum macroplasmodia, encode for 
arginine-rich H4 histone pre-protein of 19.9 kd molecular 
weight. These results were similar to comparative studies 
using HeLa S-3 and sea urchin model systems. However, the 
immunologically identified H4 histone pre-protein had a 
slightly lower electrophoretic mobility than values from 
other studies, possibly reflecting the presence of a 
precursor or signal sequence. 
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CHAPTER I 
INTRODUCTION 
The elucidation of regulatory mechanisms which 
coordinate eukaryotic gene expression continues to be a topic 
of intense research interest, particularly concerning the 
developmentally regulated histone gene family (Grosschedl and 
Birnstiel, 1980; Galli et al., 1983; Smith and Murray, 1983; 
and Hirschorn et al., 1984). Each organism appears to have 
evolved a unique range of control, e.g., regulation at the 
level of transcription (gene switching) and post- 
transcriptional controls (intra-nuclear processing and 
transport events) (Kelly et al., 1983; Coffino et al., 1982; 
Stimic et al., 1983; Kedes, 1983). Although some 
commonalities exist, which correlate the functional and 
structural organization of the highly conserved histone 
proteins (Waterborg and Matthews, 1983; Stunnenberg et al., 
1983), no unifying concepts for histone gene regulation and 
messenger biogenesis have emerged (Hentschel and Birnstiel, 
1981; Nevins, 1983). 
There have been common problems which have contributed 
to contrasting data, even from identical research models 
(Hereford et al., 1981). These problems range from chemical 
methods used in the synchronization of cell populations 
1 
2 
to defects in experimental design (Hereford et al., 1981; 
Smith, 1984). Most of what is currently known about 
eukaryotic histone mRNA biogenesis comes from the 
extrapolation of data from viral and prokaryotic systems 
(Nevin, 1983). Yet, the pathways for the formation of 
messenger RNA have been shown to be much more complex. 
Physarum polycephalum has often been used as a model for 
the analysis of variables affecting growth and 
differentiation (Galli et al., 1983; Schofield and Walker, 
1982). The natural nuclear synchrony and endogenous 
biorhythm of its plasmodial phase provides the potential to 
recover large quantities of specific genes and gene products, 
e.g. , histone mRNA, from essentially the same phase of the 
nuclear cycle (Beach et al., 1980; Evans, 1982). As a lower 
eukaryote, this organism lacks the cellular specialization 
and complexity which have contributed to contrasting data 
from other higher eukaryotic models (Hereford et al., 1981; 
Sauer, 1982) . The serious impediment to substantive progress 
in recovering gene-specific messenger RNA, for use as cDNA 
probes, has been implementing methods and procedures which 
negate the degradative activities of highly active 
intraplasmodial nucleases (Philly et al., 1978; Adams et al., 
1980; Jeffrey et al., 1981). 
This dissertation report attempts to develop definitive 
procedures for the isolation and characterization of H4 
3 
Histone mRNA and their in vitro translation product from 
Physarum polycephalum macroplasmodia. The research reported 
provides for specific, purified H4 Histone mRNA molecules for 
probing Histone gene structure as well as the mechanisms for 
Histone mRNA biogenesis in this unique lower eukaryotic 
organism. 
CHAPTER II 
REVIEW OF LITERATURE 
The Biology of Phvsarum polvcephalum 
The life cycle of Phvsarum polvcephalum has common 
features with three phylogenetic categories: Fungi, Plants, 
and Animals (Sauer et al., 1969). The acellular slime mold 
was first described, in detail, by Alexopoulos in 1960. Its 
developmental characteristics have since been reviewed by 
others (Oliver, 1975; Eliasson, 1977). 
The M subline of Phvsarum polvcephalum was derived from 
Wis 1 sclerotia and provides for excellent spore viability as 
well as alternating haploid-diploid development (Sauer et 
al., 1972) . 
As shown in Figure 1, the life cycle may be divided into 
three distinct phases: myxamoeba or flagellated swarm cell, 
plasmodium, and fruiting bodies (Guttes et al., 1961). Since 
the introduction of axenic culture techniques (Daniel and 
Rusch, 1961), Phvsarum spores have been germinated in liquid 
shake culture. From a typical spore, one to four haploid 
multipotent myxamoeba excyst. Each cell may become com¬ 
mitted to sporulate, proliferate, or to microcyst formation 
(Sauer et al., 1969). The myxamoeba represents one of the 
two alternate growth stages and range from 14-20 ym in 
diameter. Both myxamoeba and the flagellated swarm cells 
have been shown to interconvert spontaneously. This 
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Figure 1. The full life cycle of Phvsarum 
polvcephalum. From spores (1), amoeba of 
different mating type (+ or -) germinate 
(2) and either proliferate (3) or 
differentiate into a flagellate (4) or 
microcyst (5), or they fuse (6) to form a 
zygote (7). The diploid zygote transforms 
into the plasmodium (8) (amoeba-plasmodium 
transition) which can grow or, if starved 
(9), differentiate into macrocyst (10) or 
sporangia (11); pre-spores form in the head 
of the sporangium (12) and, after meiosis, 
become haploid spores (13). (Data from 




phenomena demonstrates one example of reversible differen¬ 
tiation (Oliver, 1975). In general, myxamoeba lack pigment 
granules and do not secrete copious slime as related to the 
diploid plasmodial stage. During nuclear division, their 
centrioles partition nuclear materials in an open mitotic 
division, i.e., nuclear envelope disintegrates and division 
is coupled to cell division (Steffen and Willie, 1977). 
As haploid myxamoebae populations increase, sexual 
fusion between mating types or planogametes gives rise to the 
second alternate growth phase or plasmodium (Guttes et al., 
1961). The plasmodium represents the diploid macroscopic 
phase and has been reported to be induced by a soluble 
diffusion factor (Youngman, 1977). The resulting zygote 
grows as its nuclei undergo successive synchronous 'closed' 
mitotic division, i.e., the nuclear envelope remains intact 
and an intra-nuclear microtubule organization center 
partitions the genetic materials (Laane and Haugli, 1974). 
The latter process transforms the zygote into a multi- 
nucleated plasmodium, where daughter nuclei share the same 
cytoplasm. A typical plasmodium has no definite shape and 
has been suggested to be representative of pure growth (Sauer 
et al., 1969). 
Finally, under adverse conditions of temperature, nu¬ 
trient depletion, or excess light, the plasmodium fragments, 
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each piece cemented by sheaths of dried polysaccharide 
material, contain nuclei that pass from the somatic to the 
reproductive phase of the fruiting bodies (Gorman and 
Wilkins, 1980). Meiotic division of the spores regenerates 
the haploid phase (Chet and Rusch, 1969). 
The slime mold, Phvsarum polvcephalum. has a unique 
lower eukaryotic phylogeny. Many of its developmental 
processes, i.e., two alternate growth phases, reversible and 
irreversible differentiation, protoplasmic streaming and 
natural synchrony, mimic complex developmental events common 
to higher eukaryotic growth and differentiation (Sauer et 
al., 1969). Though Phvsarum lacks tissue and other higher 
eukaryotic specialization, this organism has been promoted as 
an excellent model for investigating molecular events 
culminating in the control and expression of genetic infor¬ 
mation (Tyrin et al., 1977; Chahal et al., 1980). More 
specifically, the natural nuclear synchrony of the diploid 
plasmodium phase provides a great potential to isolate and 
recover significant amounts of gene products from essentially 
the same phase of the cell cycle. In naturally synchronous 
plasmodia, histone synthesis was shown to be limited to S 
phase and coupled to DNA replication (Kelley et al., 1983). 
Comparative Ultrastructure of the Plasmodium 
Interphase Nucleus and Nucleolus 
Physarum polvcephalum nuclei share many common features 
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with higher eukaryotic nuclei. Each has a double membraned 
nuclear envelopes separated by peri-nuclear cisternae. 
Nucleo-cytoplasmic exchange, in each case, appear to be 
regulated by nucleopore complexes. These pore complexes have 
been shown to significantly increase in number during S-phase 
(Matusumoto and Fanakashi, 1970; Gall, 1967). Although RNA 
and proteins are exchanged continuously between the nucleus 
and cytoplasm in most eukaryotes, these two compartments each 
maintain distinctive macromolecular composition. Molecules 
are translocated across the nuclear envelope through nuclear 
pore complexes. Some karyophilic proteins possess informa¬ 
tion in their mature polypeptide structure that is respon¬ 
sible for their accumulation in the nucleus (Dingwall et al., 
1982). Microinjection studies demonstrated that the 
selective entry of karyophilic proteins was a property of the 
mature proteins, since extracted or purified nuclear proteins 
accumulated in the nucleus following re-introduction into the 
cytoplasm of recipient cells (De Robertis, 1983). In studies 
where gold particles were coated onto the karyophilic pro¬ 
tein, nucleoplasmin, it was shown to pass through the nuclear 
pore (Feldherr et al., 1984). These findings suggested that 
the signal in nucleoplasmin caused the pore complex to become 
more open. The mechanism(s) coordinating nuclear pore 
induction with replication and transcription activities in 
Phvsarum remain elusive (Sheer, 1973). On the basis of 
9 
nuclear pore measurements (Paine et al., 1975) histones and 
other karyophilic proteins enter the nucleus by passive 
diffusion followed by intranuclear binding. The rapid in 
vivo uptake of histone proteins in synchronous nuclei of 
Phvsarum macroplasmodia seems an unlikely mechanism. The 
isolation of H4 histone mRNA and in vitro translation product 
could provide a specific probe for analyzing nucleocyto- 
plasmic exchange. 
It has been shown that eukaryotic chromatin consist of 
arrays of repeating units called nucleosomes. Many models 
have been proposed to explain the mechanism of unfolding the 
nucleosome structure to facilitate DNA replication and 
nucleosome regeneration after the event (Senshu et al., 1985; 
Jackson and Chalkey, 1985; Riley and Weintraub, 1979). 
Density labeling of DNA and histones, as well as protein 
synthesis inhibition studies, provide evidence for the 
unilateral distribution or conservative segregation of pre¬ 
existing histone octamers (Seidman et al., 1980). In 
contrast, more recent studies on the mode of segregation of 
histones suggest that histones are distributed randomly to 
daughter strands during replication. In particular, H3 and 
H4 are deposited at the replication fork and remain 
associated with the DNA strand with which they are bound 
until the next passage of the replication fork (Jackson and 
Chalkley, 1985). 
10 
Results from plasmodial fusion studies, UV irradiation, 
cycloheximide, heat-shock, and Hl-histone kinase have been 
used to analyze the possible mechanism and nature of the 
mitotic trigger controlling nuclear synchrony (Sudbery and 
Grant, 1975; Tyson et al., 1979; Bradbury et al., 1974). 
Though several models for controlling the nuclear cycle are 
proposed, most of the experimental evidence, particularly 
plasmodial fusion, cycloheximide, and UV irradiation, 
indirectly support the presence of a cytoplasmic factor that 
induces division. 
Ultrastructural studies in Phvsarum continue to be 
hampered by nucleolar preservation techniques which alter 
nuclear content. However, double fixation techniques, 
bismuth staining, and other cytochemical techniques have been 
used to analyze the ultrastructure of the Phvsarum nucleus 
during the cell cycle. Time-lapse microcinematography of 
nuclei from living plasmodia demonstrated that mitosis covers 
a period of 1 h and 15 min. Prophase takes 15 min and is 
distinguished by the nucleolar migration towards the nuclear 
periphery. The dissociation of nucleolus takes 2 min and 
approximately 10 min before the onset of anaphase, the 
nucleolus disappears completely. Metakinesis lasts 4 min and 
is distinguished by chromosomal migration into the equator. 
Metaphase takes 4 min and is followed by anaphase and 
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telophase reconstruction which takes 1.2 and 1.5 min, 
respectively. The two daughter nuclei have a diameter of 4 u 
m, which increases to 5 um within 4 min (Wolf et al., 1979). 
The interphase phase of the cell cycle is especially 
notable for transcription and translation of both histone and 
tubulin mRNA's in preparation for subsequent mitotic events 
(Carrino and Laffler, 1986). In addition, the nuclei of 
Phvsarum plasmodia undergo closed intra-nuclear division, 
i.e., the nuclear envelope remains intact throughout the 
mitotic cycle. These findings make it a unique system for 
isolating H4 Histone mRNA and analyzing mRNA and protein 
exchange in eukaryotic nuclei. 
Comparative Studies on Histone Transcription 
Histone proteins are grouped into three major classes: 
a) Replication-dependent types of histones are expressed 
during the S-Phase of the cell cycle; b) Replication- 
independent histones are the replacement types of histones 
that preferentially accumulate in non-dividing or terminally 
differentiated tissues; c) Tissue-specific Histones, such as 
H5 are shown to be found in erythrocytes of birds and other 
mammals (Krieg et al., 1983). 
In contrast to replication-dependent histone expression, 
both replication-independent and tissue specific classes are 
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transcribed as polyladenylated mRNAs (Brush et al., 1985). 
The replication-dependent histones, for which this research 
is directed, are the predominant class and are transcribed by 
RNA polymerase II as non-polyadenylated mRNAs. Recent 
studies suggest that these histone mRNAs have no introns, but 
contain a conserved palindromic sequence instead of a poly 
(A) tail at their 3' end (Stein et al., 1984). 
The synthesis of replication-dependent histones in 
proliferating cells is closely coordinated with corresponding 
levels of histone mRNAs (Kelly and Schofield, 1983). 
Furthermore, the relative ratios of all five transcripts from 
these family of genes remain constant throughout a normal 
cycle and suggest parallel controls by a common mechanism 
(Graves et al., 1985). The human histone H4 gene was shown 
to be transcribed by 3 to 10 fold in nuclear extracts from S- 
phase Hela cells as compared to extracts from non S-phase 
cells (Heintz and Roeder, 1984). Mutational analysis of 
promoter sequences 70 to 110 nucleotides upstream from the 
start of transcription initiation were shown to be required 
for maximal transcription and are preferentially recognized 
in extracts from S-phase cells (Hantly et al., 1985). 
Together, these findings suggest the involvement of 
upstream modulating sequences which possibly bind activator 
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substances that enhance RNA polymerase II binding and or 
transcription in vitro. Research on the transcriptional 
regulation of histone genes during the cell cycle of Phvsarum 
polvcephalum have not been reported. 
Virtually all RNA transcripts of eukaryotic genes are 
synthesized as RNA precursor molecules with 3' spacer 
transcript extensions which are subsequently matured by 3' 
processing events (Gick et al., 1986). Histone pre-mRNAs are 
no exception. Highly conserved terminal palindromes 3' to 
the mRNA terminal sequence and conserved downstream spacer 
sequences are known (Hart et al., 1985; Maxson et al., 1983). 
Mature histone mRNA are generated from longer precursor 
transcripts by post-transcriptional processing events 
involving the conserved 3' terminal palindrome, some 
additional spacer sequences, and U7 SnRNPs (Birchmeiser et 
al., 1984). A two step splicing pathway for introns of RNA 
polymerase II transcripts has been proposed (Ruskin et al., 
1984; Newman et al., 1985). The first step consists of 
cleavage at a 5' splice site and formation of a lariate 
intermediate containing a 2'-5' phosphodiester bond between 
the 5' end of the intron and an internal site near the 3' 
splice site of the intron (Pikielny and Rosbash, 1986). The 
direct evidence for how specific sites are recognized, 
brought together, and spliced are being developed with 
14 
recent experiments demonstrating the presence of a 
multicomponent splicing complex or spliceosome (Brady and 
Abelson, 1985; Grabowski et al., 1985). 
Studies on sea urchin histone genes have shown that each 
of the five histone messenger RNA were transcribed from a 
cluster of highly reiterated gene sequences (Portman et al., 
1976; Hentschell and Birnstiel, 1981). Genes for each were 
separated by a similar A-T rich spacer DNA (Schaffner et al., 
1978). In contrast, yeast histone genes were shown to be 
organized as dispersed repeated genes, which maintained 
partial clustering of their coding sequences. Unlike most 
histone mRNAs, yeast histones were shown to be polyadenylated 
(Woolford et al., 1979) and H^ has not been identified in the 
yeast chromatin (Brandt et al., 1980; Smith, 1984). Pure 
isolates of S-phase sea urchin histone mRNA transcripts have 
been characterized in many species using affinity chroma¬ 
tography, high resolution fractionation on linear density 
gradients, as well as electrophoresis systems (Borun et al., 
1977; Kedes et al., 1975; Hereford et al., 1981; and Stimac 
et al., 1983). Typically, non-polyadenylated 4-18S RNAs were 
isolated and fractionated from S-phase polysomes and resolved 
into discrete multiple components, which were subsequently 
assayed for in vitro translation activity. Histone mRNAs 
ranging from 306-660 bases migrated in order or increasing 
mobility as H^, H2A, H2B, H3, and H4 
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(Kedes et al., 1975)(see Table 1). Each stimulated the 
synthesis of a single poly-peptide in in vitro wheat germ 
translation assays (Gross et al., 1976). A comparison of the 
above sea urchin histone data with HeLa S-3 cells suggested 
that from the same population of 4-18S non-polyadenylated 
RNAs, similar histone messengers were found (Borun et al., 
1977). HeLa histone mRNAs, ranging from 303-1196 bases, 
migrated on preparative SDS-PAGE in the order of increasing 
mobility as H3, H3, H2A, H2B, and H4. 
The first qualitative characterization of P. 
polvceohalum cytoplasmic RNA was attempted with limited 
success, by Cummins et al., 1968. Improved methods for 
polysome recovery have been described (Adams et al., 1980), 
and two polyadenylated mRNAS have been preparatively 
identified (Melera, 1979). To date, very little histone mRNA 
biogenesis in this organism has been confirmed. Earlier 
studies using [3H]-uridine labelling have shown two periods 
of RNA synthesis. More specifically, high incorporation 
during S-phase and mid G2 phase (Mittermayer et al., 1964; 
Seebeck and Braun, 1980). Recent studies, using specific 
inhibitors of DNA replication, showed that inhibition of DNA 
replication coordinately reduced cellular levels of histone 
mRNAs (Kelly et al., 1983; Baumbach et al., 1984). These 
results suggest that histone synthesis was tightly coupled to 
DNA regulation. 
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Table 1. Molecular weight estimates for HeLa S-3 Histone Messengers and Protein 








7.5 S 1.00 X 105 303 None 
8.0 S 1.19 X 105 360 None 
8.6 S 1.35 X 105 409 »4 
11,280 
9.2 S 1.60 X 105 484 H2B 13 ,774 
9.7-10.7 S 1.80 X 105 -2.3 x 105 554-696 H2A - H3 15,000-15 
12.0-13.0 S 2.95 X 105 -3.95 x 10? 893-1,196 H1 
21,000-22 
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The pathway for the formation of eukaryotic messenger 
RNA have been shown to significantly differ from those of the 
bacterial system. Most of the current data on the nature of 
eukaryotic RNA polymerase II transcription units have come 
from recombinant DNA and DNA sequencing studies. As shown in 
Figure 2, a generalized scheme of such a 'consensus' sequence 
has been described and mapped (Ziff and Evans, 1978; 
Breathnach and Chambon, 1981). Though exceptions to the 
scheme exist, the principle methods involved in identifying 
DNA sequences that control transcription in eukaryotes has 
been to mutagenize DNA in or near the start of transcription. 
The altered templates are then tested by re-introduction into 
the cell or in vitro transcription system. The accumulated 
RNA or proteins derived from the mutated promoter are then 
analyzed to make inferences on the effect of sequence change 
on the promoter expression (McKnight and Kingsbury, 1982; 
Hofer and Darnell, 1981). 
Figure 2. Schematic diagram depicting the essential 
components of a typical eukaryotic protein¬ 
coding (RNA polymerase II) transcriptional 
unit. The control region refers to those 
upstream sequences that are indispensible 
for the full expression of the gene. 
Control 












MATERIALS AND METHODS 
Preparation of Plasmodia Culture 
Phvsarum polvceohalum strain M3C spherules, dried on SS- 
576 filter paper, were excysted in axenic culture using 
hematin supplemented semi-defined medium (Daniel and Baldwin, 
1964) (Table 2). Spherules were incubated in the dark at 
24°C using a Freas Control Temperature Incubator. Axenic 
microplasmodial liquid shake cultures were maintained by the 
serial transfer of 1 ml (2 mg/ml protein) growth to 200 ml of 
fresh semi-defined medium. Liquid shake cell lines were sub¬ 
cultured every 48 h under constant agitation using a New 
Brunswick Reciprocal Shaker operating at 100 strokes/minute. 
Macroplasmodial surface cultures were induced by the 
inoculation of 1 day microplasmodial growth onto sterile SS- 
576 filter paper supported by mesh screen in 9 mm petri- 
dishes. The inoculums (2 mg/ml protein) were allowed to 
coalesce for 2 h, and filters were permeated with hematin 
supplemented semi-defined medium (Guttes et al., 1961). 
Macroplasmodial Growth Study 
Macroplasmodial culture growth was quantitated by 
performing Lowry protein assays (Lowry et al., 1951) on 
proteins extracted from mitochondrial and microsomal cell 
19 
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Table 2. The chemical components of semi-defined 
growth medium in grams per liter of solution 
(Daniel and Baldwin, 1964). 
Compounds Weights/100 ml 
Citric Acid 0.48 g 
Ferrous Chloride 0.06 g 
Manganese Chloride 0.084 g 
Magnesium Sulphate 0.60 g 
Zinc Sulphate 0.034 g 
Glucose* 10.0 g 
Hematin** 1.00 ml/100 ml 
Potassium Phosphate 2.0 g 
Tryptone (Difco) 10.0 g 
Yeast Extract (Difco) 1.5 g 
Hydrochloric Acid 0.06 ml 
Calcium Chloride 0.06 g 
Growth medium and adjunct solutions were autoclaved 12 
min at 15 Psi. 
Adjust to pH 5.0 with IN NaOH. 
* Prepared separately and filter sterilized. 
**Semi-defined medium, prepared as 0.5% hemin in 1% 
NaOH. 
21 
fractions. Ten surface cultures were prepared from a 2 day 
liquid shake culture. Surface cultures were harvested at 24 
h intervals. Each macroplasmodium was scraped into a pre¬ 
chilled 15 ml Wheaton Homogenizer containing 5 ml of 
homogenization buffer (lOOmM NaCl2/ 200mM RNase-Free Sucrose, 
ImM 2-mercaptoethanol, 75mM EGTA, and 50mM Tris-HCl, pH 7.6). 
Tissues were homogenized with 5-up and down strokes and 
protein fractions were obtained by differential centri¬ 
fugation. Mitochondrial and microsomal protein concen¬ 
trations, for each sample period, were determined by the 
extrapolation of data points from bovine serum albumin 
standard curve (Segel, 1968). 
Macroplasmodia Fractionation Procedure 
Mitotic timing of plasmodial S-phase was determined by 
phase-contrast microscopy using a Nikon Optiphot. Small 
pieces of synchronous macroplasmodia, between mitosis II and 
III, were smeared in ethanol-glycerol solution (75:25) at 10 
min intervals. Early prophase nucleoli and telophase 
reconstruction nuclei served microplasmodia (Figure 3) were 
drained of excess medium and pre-soaked for 30 sec in chilled 
homogenization buffer (lOOmM MgCl2, lOOmM NaCl, ImM 2- 
mercaptoethanol, 200 RNase-free sucrose, 75mM EGTA, 50mM 
Tris-HCl, pH 7.6). Macroplasmodia were homogenized by 5-up 
and down strokes using a chilled diethyl-pyrocarbonate 
(DEPC)-treated 40 ml Wheaton Homogenizer containing 20 ml of 
homogenization buffer containing lOmM vanadyl ribonucleoside 
Figure 3. Macroplasmodial surface culture showing 




complex (VRC). Crude cell homogenates were aliquoted into 
pre-chilled 40 ml DEPC-treated polycarbonated tubes for 
differential fractionation of total cytoplasmic RNA (Figure 
4). Crude microsomal pellets were resuspended in TNM buffer 
containing lOOmM NaCl, lOOmM MgCl2, and 50mM Tris-HCl, pH 
5.0. Using a modified method of Palmiter (1974), the 
microsomal suspensions were pooled and dissolved in a 1:1 
mixture of 0.1M sodium acetate (pH 5.0) containing N-lauryl 
sarcosine sodium (0.5%). The sample was gently agitated for 
10 sec following the addition of buffer equilibrated phenol 
(Aldrich Chemical Gold Label). The mixture was allowed to 
stand for 3 min at room temperature, then 12 ml of chloroform 
was added. The sample was centrifuged for 1 min at 15,000 x 
g in a Beckmann L8-55 ultracentrifuge using a Ti 50.2 rotor 
operating at 25°C. Total cytoplasmic RNA, contained in the 
aqueous phase, was precipitated in 2.5 volumes of chilled 90 
ethanol at -20°C overnight. The total cytoplasmic RNA 
precipitate was collected by centrifugation 10 min at 12,000 
x g and 4°C using the above rotor system. Total RNA was 
dissolved in sterile 0.001% DEPC-treated water and 
diafiltrated using a nucleopore S43-70 stirred cell equipped 
with type 7-10,000 MW ultra-pore membrane (70 psi nitrogen 
and 4°C). Diafiltration samples were stored in liquid 
nitrogen for future use. 
Plasmodia Ribonucléase Inhibition 
Mid S-phase synchronous macroplasmodia were divided 
Figure 4. Scheme for differential fractionation of 
Phvsarum polvceohalum S-phase cytoplasmic 
RNA. All materials and solutions were pre¬ 
soaked or treated with Diethylpyrocarbonate 




Centrifuge using a Beckman L8-55 
UItrecentr1fuge and Tl 50.2 rotor 
(rMax 107.9 mm) a+ 2^200 rpm or 
600 x g for 10 min 4 C. 
D  
Centrifuge a+ 20,000 x g or 
12,800 rpm for 10 min at 4 C 
 A 
1 part tissue homogenate to 3 parts buffer; lOOmM NaCI 
lOOmM MgCI , ImM MgCI^, 1 mM 2-mercaptoethanol 75mM 
EGTA, 200mM RNese-free sucrose, lOmM VRC, and 50mM 
Trls-HCI, pH 7.6. Aliquot Into pre-chllled 40 ml tubes. 
 C 
Allquote supernatant to pre-chllled 40 ml tubes and add 
homogenization buffer. 
(Store crude nuclear pellet) 
 E 
Layer the supernatant onto a 6 ml cushion of TNM 
buffer; 10mM NaCI, lOOmM MgCI , 20< RNase-free sucrose, 
50rnM Trls-HCI, pH 7.6 
(Store mitochondrial pellets) 
F  
Cen+rlfuge at 70,000 x g or 36,000 rpm 
for 2.5 hr a+ 4 C using a Ti 50.2 rotor 
G 
Dissolve microsomal pellets In 0.5M sodium acetate 
buffer made 0.5? N- IauroyI sarcos 1 ne sodium (pH 5.0) 
H  
Organically extract RNAs using buffer 
equlibrated phenol and chloroform 
Chloroform 
 I 
Centrifuge at 15,000 x g or 11,200 rpm for 1 min at 
25 C. Remove the aqueous phase and precipitate. 
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into three groups to assess the effects of various ribonu¬ 
cléase inhibitors on the translation activity of total 
cytoplasmic mRNA. Group A cultures were homogenized in high 
ionic strength buffer (lOOmM NaCl, lOOmM MgCl2, 200mM RNAse- 
free Sucrose, ImM 2-mercaptoethanol, and 50mM Tris-HCl, pH 
7.6). Group B cultures were homogenized in high ionic 
strength buffer made 75mM with divalent cationic chelator 
EGTA (Adams et al., 1980). Group C cultures were homogenized 
in high ionic strength buffer containing 75mM EGTA and lOmM 
Vanadyl Ribonucleoside Complex, a competitive ribonucléase 
inhibitor. Total cytoplasmic RNA was collected as previously 
described and assayed for translation activity using 
nuclease-treated wheat germ lysates (Bloom and Anderson, 
1978) . 
Selective Purification of Total Cytoplasmic RNA 
Total cytoplasmic RNA was selectively purified on Type 7 
oligo (dT)-cellulose obtained from P. L. Biochemical (Aviv 
and Leder, 1972). Type 7 resin (1 gram dry weight) was pre¬ 
swollen in sterile water and gravity packed into a sterile 
DEPC-treated Pyrex Column (1 x 30 cm) to a 4 cm bed height. 
The column was equilibrated with 200 ml of binding buffer 
(0.5M NaCl, 0.5% SDS, ImM EGTA, and 10 mM Tris-HCl, pH 7.5). 
Total RNA 100 A260 units (5 x 10
3 ug/ml) was dissolved in 
binding buffer and eluted from the column using a Buchler 
Gradient Pump (0.5 ml/min). Emerging Poly A (-) RNA was 
monitored at A254 using an ISCO-UA Ultraviolet Monitor 
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equipped with a 5mM path flow cell. The elution profile was 
recorded using an ISCO Model 614 Chart Recorder operating at 
6 cm/hr. Poly A (-) RNA was recycled through the column to 
completely remove poly A (+) RNA. The oligo (dT)-cellulose 
column was regenerated between cycles by washing with 0.1 N 
NaOH. 
Chromatographically separated Poly A (-) RNA was 
precipitated in 2.5 volumes of chilled 90% ethanol overnight 
at -20°C. Precipitated RNA was collected by centrifugation 
for 10 min at 12,000 x g using a Sorvall Superspeed 
Refrigerated Centrifuge equipped with a Type SS-34 Rotor 
(4°C). Poly A (-) RNA was dissolved in sterile DEPC-treated 
water and stored in liquid nitrogen for future. 
Analytical SDS-Polyacrylamide 
Gel Electrophoresis 
Selectively purified Poly A (-) RNA was resolved into 
multiple discrete components using 3.5% SDS-PAGE slab gels. 
Resolving gel buffer was vacuum filtered through a 0.4 um 
Nalgene filter unit and poured into agar sealed glass plates 
(1 mm x 13 cm). Poly A (-) RNA 46 A26Q units (2.3 x 
103 ug/ml) was dissolved in sample buffer (0.1M Sodium 
Phosphate, pH 7.2, 1% SDS, 14% glycerol, and 0.002% 
Bromophenol Blue) and partially denatured in a 60°C water 
bath for 10 min. Samples were electrophoresed in 
Reservoir Buffer (0.1 M sodium phosphate, pH 7.2 and 1% SDS) 
for 4-5 h at 50 volts, 110 mA using a Dans Kar Vertical 
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Gel Apparatus and Buchler Model 3-1155 power source. Fol¬ 
lowing electrophoresis, slab gels were stained using 0.5% 
Toluidine Blue O in 1:3 methanol and water overnight using a 
reciprocal shaker. 
Physarum Poly A (-) RNA was characterized by comparing 
their observed electrophoretic mobilities with those of 
ribosomal RNA standards; 28S and 18S rRNA from Saccharomvces 
cerevisiae (P. L. Biochemicals) as well as 5S rRNA from 
Escherichia coli MRE600 (Boehringer Biochemicals). 
Preparative SDS-Polyacrylamide 
Gel Electrophoresis 
Selectively fractionated Pol A (-) RNA was resolved on 
SDS-PAGE containing 0.1M sodium phosphate, pH 7.2, 1% SDS, 
3.5% acrylamide and 0.9% Bis-acrylamide. Resolving gel 
buffer was vacuum filtered through a 0.45 urn Nalgene filter 
unit. The polymerization mixture was poured into an agar 
sealed glass plate (5 mm x 13 cm) and a 12 well 5 mm slot 
former was inserted. After overnight polymerization, the 
slab plate was agar sealed to a Dans Kar Vertical Gel 
Apparatus powered by a Buchler Model 3-1155 Power Source. 
Poly A (-) RNA 46 A260 was units 2.3 x 10
3 ug/ml was 
dissolved in sample buffer (0.1M sodium phosphate, pH 7.2, 1% 
SDS, and 14% glycerol) and partially denatured in a 60°C 
water bath for 10 min. Both sample and rRNA markers were 
loaded onto the resolving gel for electrophoresis (50 volts, 
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110 mA) in reservoir buffer (0.1M sodium phosphate, pH 7.2, 
and 1% SDS) for 5 h. 
Following electrophoresis, the rRNA standard lane was 
spliced into 0.8 mm vertical and horizontal squares and 
removed to 1.5 ml Eppendorf tubes. Poly A (-) RNA lanes were 
spliced into 0.8 mm horizontal fractions using a Bio-Rad Gel 
Slicer. Horizontal lanes were removed to sterile 10 cc 
syringes and squashed into sterile 6.5 cm electrophoresis 
tubes. Sample tubes, lightly packed with sterile DEPC- 
treated glass wool, had their eluting ends blocked with 
dialysis membranes into which sliced RNA fractions were 
electro-eluted (50 volts, 10 mA) overnight. Electro-eluted 
sample was dialyzed for 8 h against sterile 0.001% DEPC- 
treated water 4°C and vacuum dried using a Savant Vacuum 
Microfuge. 
The electrophoretic mobilities of preparatively resolved 
Poly A (-) RNA were determined from A260 recordings of 0.8 mm 
rRNA squares, which contained 28S, 18S, and 5S markers. 
Density Gradient Fractionation of Poly A (-) RNA 
Samples of Poly A (-) RNA (46 A26Q units) selectively 
purified on oligo (dT)-cellulose Type 7 resin, were frac¬ 
tionated on linear sucrose density gradients containing 10 mM 
Tris-HCl (pH 7.6), 10 mM NaCl, 0.001 mM EGTA, 1% SDS, 1 mM 
MgCl2, and a 10-50% linear gradient of RNase-free sucrose. 
Poly A (-) RNA (1 mg/ml) was dissolved in gradient buffer and 
partially denatured in a 60°C water bath for 10 min. 
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Samples were layered onto 22 ml gradients and centrifuged for 
20 h at 25,000 rpm using a Beckman SW 25.1 rotor. Resolved 
RNA band were collected in 0.5 ml fractions and monitored as 
previously described. The molecular size of resolved RNA 
bands from each technique were determined from standard 
curves constructed using ribosomal RNA standards (BM Bio¬ 
chemicals) . 
In Vitro Translation Assay of RNA Fractions 
Phvsarum Poly A (-) RNA from preparative RNA gels were 
translated in 30 ul nuclease-treated wheat germ lysates. 
Optimal concentrations of RNA from each fraction were 
incubated in the presence of [14C] arginine (1 uci/ul)(New 
England Nuclear). Translation assays were incubated at 25°C 
for 60 min in a Haake Control Temperature Water Bath. After 
incubation, reaction mixtures were placed on ice and treated 
with Ribonucléase A (3 ul of a 100 ug/ul solution). Samples 
were incubated 15 min at 30°C. 
To 2.4 cm glass fiber filters, 5 ul of each reaction 
mixture was removed and assayed for radioisotope incor¬ 
poration by liquid scintillation counting using a Beckmann 
LS-3150P Liquid Scintillation Counter. Filters were removed 
to a 15 ml stainless steel vacuum manifold and washed (2 min 
each) with 10 ml acetone and air dried at room temperature. 
For ribonucléase inhibition studies on total cytoplasmic RNA 
translation, [3H]-Lysine label was used. Most of the histone 
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polysomes contain this specific amino acid. However, experi¬ 
ments for detecting the arginine-rich H4 histone used [
14C]- 
arginine. Radioisotope incorporation for each resolved mRNA 
translation assay was determined in scintillation vials con¬ 
taining 8 ml of toluene-based scintillation fluid. 
Immunoprécipitation and Characterization of 
H4 Histone In Vitro Translation Product 
Translations of total cytoplasmic RNA were carried out 
in 30 ul reaction lysates containing 96 mM potassium acetate, 
2.5 mM magnesium acetate, and 25 uCi/mmole [JH]-L-lysine (New 
England Nuclear) at 25°C for 60 min. Translation for selec¬ 
tively purified poly A (-) mRNA were carried out in 90 ul 
wheat germ reaction lysates containing 20 uCi/mmole [14C]-L- 
Arginine. After incubation, 1 h at 25°C, reaction mixtures 
were treated with ribonucléase A for 15 min at 30°C. TCA 
insoluble radioactivity was determined by removig 1 ul of 
reaction lysates to 2.4 cm glass fiber filters and washing to 
remove unincorporated label (10 ml each of 5%-10% TCA and 
Acetone). The specific activity was measured in toluene- 
based scintillation fluid using a Beckman LS-3150 Liquid 
Scintillation Counter. 
The [14C]-arginine labeled Phvsarum H4 histone in vitro 
translation products were identified using Rabbit anti-H4 
histone antisera (Gift from Dr. Stollar, Tufts University 
School of Medicine). Rabbit anti-H4 histone antisera 
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(1:20 dilution) was added to in vitro translation lysates. 
Mixtures were incubated 4°C for 24 h and antigen-antibody 
complexes were absorbed by the addition of 10 ul of 10% 
Igsorb. Complexes were recovered by centrifugation. The 
immunoprecipitate was then washed with PBS buffer (pH 7.5) 
containing 0.25% nonidet P-40. Absorbed [14C]-L-Arginine 
labeled polypeptides were eluted from the antibody by 
incubating with 15 ul of gel sample buffer (0.1 M sodium 
phosphate pH 7.2, 1% SDS, 14% glycerol, 0.02 mM EGTA, and 
0.001% bromophenol blue) and boiling for 3 min samples were 
analyzed electrophoretically on slab gels (1 mm x 12 mm) 
using a 5% polyacrylamide stacking gel and linear (10-15%) 
gradient resolving gel. Samples were run at 50 volts, 110 mA 
for 9 h. Calf thymus histones (Boehringer Mannheim 
Biochemicals) were used as markers. 
Following electrophoresis, slab gels were fixed for 1 h, 
stained in 0.25% amido black for 30 min, destained for 24 h, 
and soaked in autoradiographic enlightening solution for 30 
min. Gels were dried, placed in Dupont X-ray cassettes 
equipped with high plus intensifying screens, and exposed to 
Kodak X-omat AR film for 1 month at -80°C. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Macroplasmodial Growth Study 
Quantitatively measuring the accumulation of cellular 
proteins synthesized by macroplasmodia, provided an accurate 
means for optimizing growth conditions and for establishing 
the onset of life cycle events essential to polysome 
recovery. Figure 5 shows the growth profile obtained when 
Phvsarum polvcephalum strain M3C macroplasmodia were 
incubated in semi-defined medium pH 5.0. Using 1 ml 
inoculums (2 mg/ml protein) of macroplasmodia, surface 
cultures were shown to enter rapid, active growth within 24 h 
after coalescence. Cultures remained metabolically active up 
to 144 h (6 days) after which macroplasmodia became com¬ 
mitted to sporulation. This was evidenced by the appearance 
of fruiting bodies at 168 h (7 days). 
Plasmodia Ribonucléase Inhibition 
Macroplasmodia of Physarum contain unique and highly 
active ribonucleases (Philly et al., 1978). The successful 
recovery of intact and mature cytoplasmic polysomes requires 
the effective inhibition of ribonucléase activity common to 
the slime mold as well as those derived from exogenous 
sources. To assess both the effectiveness of commercial 
ribonucléase inhibitors and the specific activity of 
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Figure 5. Phvsarum Macroplasmodial Growth Curve. 
Shown are four distinct phases that typify 
slime mold growth in axenic surface 
culture: Lag phase, growth phase, 
stationary phase, and sporulation. 
Mitochondrial (—) and microsomal (•-•)! 
protein concentration in yg/ml were derived 
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recovered polysomes, mid S-phase cytoplasmic RNA was ex¬ 
tracted in the presence of various ribonucléase inhibitors. 
Recovered total cytoplasmic polysomes were subsequently 
assayed for their capacity to incorporate [3H]-lysine label 
into protein using nuclease-treated wheat germ lysates. 
Figure 6 shows a comparative analysis profile for the 
extraction procedure using two types of ribonucléase 
inhibitors. Polysomes extracted in high ionic strength 
buffer containing 75 mM EGTA, effective against cation- 
dependent ribonucleases, showed only marginal rates of mRNA 
translation activity (Adams et al., 1980). However, 
polysomes recovered using modified methods of Adams (1980), 
resulted in a 41% improvement in in vitro translation 
responses of polysomes. These polysomes were extracted in 
high ionic strength homogenization buffer made 75 mM with 
EGTA and 10 mM with the competitive ribonucléase inhibitor, 
Vanadyl Ribonucleoside complex. 
Selective Fractionation and 
SDS-PAGE Characterization 
Type 7 oligo (dT)-cellulose affinity columns were used 
in the initial stages of cytoplasmic RNA fractionation. The 
a254 eluti°n profile, shown in Figure 7, indicates that 
greater than 90% of the total cytoplasmic RNA was not 
retained (Peak A), 2-5% was bound (Peak B), and 1-2% was 
strongly bound and could only be eluted with 0.01N NaOH 
column regeneration solution. 
Figure 6. Plasmodia ribonucléase inhibition. 
Macroplasmodial polysomes were recovered in 
homogenization buffer containing one or a 
combination of three potent ribonucléase 
inhibitors. Peak A ( ) represents the 
translation responses of total polysomes 
extracted in the presence of high ionic 
strength homogenization buffer containing 
Mg2+ and Na+. Peak B ( ) represents 
total activity for polysomes extracted in 
homogenization buffer containing Mg2+, Na2, 
and divalent cationic chelator (EGTA), 
Adams et al 1980. Peak C (•-•-•) 
represents the response of total polysomes 
recovered in homogenization buffer 
containing high ionic strength Mg2+, Na+, 
EGTA, and competitive ribonucléase 
inhibitor (VRC). Closed circles (••) 
correlate the responses of purified rabbit 
globin mRNA controls to nuclease-treated 































Figure 7. Oligo (dT)-cellulose Chromatography Elution 
Profile. Peak A represents Poly A (-) A254 
materials not retained during the binding 
phase of chromatography. Peak B represents 
Poly (A) (+) A254 materials eluting after 
the addition of low ionic strength buffer. 
Peak C represents alkaline soluble A254 
materials eluting after the addition of 








Poly A (-) or Peak A RNA was resolved in SDS-PAGE and 
molecular weights of discrete components were determined by 
comparing their electrophoretic mobilities to rRNA standards 
(23S, 16S, and 5S rRNA). Figure 8 shows RNA constituents 
native to S-phase Phvsarum poly A (-) RNA. Macroplasmodia 
were demonstrated to contain 26S, 2OS, 19S, 5.8S, 5S, and the 
smaller 4-5S tRNAs. 
In Vitro Translation of Fractionated 
Poly A (-) mRNA 
Selectively purified Poly A (-) RNA were fractionated on 
preparative SDS-PAGE and linear sucrose density gradients. 
Resolved mRNA were translated in mRNA-dependent in vitro 
translation lysates using [14C]-L-Arginine label as a marker 
for Arginine-rich H4 Histone protein. To determine the 
molecular size of resolved mRNA with respect to [14C]-L- 
Arginine incorporation, the relative mobilities of SDS-PAGE 
and Linear Gradient fractions were plotted against rRNA 
standards and super imposed on TCA insoluble counts. Figures 
9 and 10 demonstrate the size of poly A (-) mRNA encoding for 
arginine containing in vitro translation products. 
Immunoprécipitation and Characterization 
of H4 Histone In Vitro Translation Product 
The in vitro translation product(s) directed by poly A 
(-) H4 Histone mRNAs were identified using rabbit anti-H4 
Figure 8. Analytical SDS-PAGE Characterization of 
Poly A (-) RNA. Shown are the native RNA 
constituents of S-phase Phvsarum plasmodia 
Lane A shows S. cerevisae rRNA markers 28S 
18S, and 5S. Lane B shows discrete 
RNA bands obtained from oligo (dT)- 
cellulose affinity columns. 
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Figure 9. In vitro Translation Profile of Electro- 
Eluted RNA. Preparative RNA gel slices 
were electro-eluted into dialysis bags and 
vacuum dried. Poly A (-) RNA fractions 
were resuspended in sterile water and 1-2 
yl of RNA was translated in 30 yl wheat 
germ lysates. Shown are translation 
profiles for rRNA standards and [14C]- 
arginine incorporation. Peak A ( ) 
represents 1 yl polysome sample, peak B 
( ) represents 2 yl polysome sample, and 
peak C (••) represents rRNA standards. 





















Figure 10. Translation in wheat germ lysate of 
Phvsarum poly A (-) RNA fractionated by 
sucrose gradient centrifugation. 
Selectively purified poly A (-) RNA 
(1 mg/ml) was centrifuged in performed 10- 
50% linear sucrose gradients in an SW 25.1 
rotor at 25,000 rpm for 20 hrs at 25°C 
using a Beckmann Ultracentrifuge. 
Fractions of 0.5 ml were collected, and 
the RNA was precipitated three times with 
ethanol, dissolved in 150 yl of sterile 
water and 2 yl was used for Translation. 






























































histone antisera. Selectively purified and resolved poly A 
(-) mRNA was translated in nuclease-treated wheat germ 
lysate. Translations were carried out in 90 ul S-27 extract 
containing 96 mM K-acetate, 2 mM Mg-Acetate, 20 uCi [14C] L- 
Arginine, and 0-2 ug or RNA. After incubation, 5 ul was 
withdrawn for determination of TCA insoluble radioactivity 
and estimates of mRNA molecular weights which code for the 
activity. The remaining 85 ul was treated with H4 Histone 
antisera and analyzed electrophoretically. Figure 11 
demonstrates the specificity of rabbit anti-calf H4 Histone 
sera against calf H4 vs calf Hj, another arginine-rich 
histone in Phvsarum. The sequence homology between calf H4 
and Phvsarum H4 histones have been shown to vary by only two 
amino acids (Matthew and Bradbury, 1983). The central well 
contains 20 ul of Rabbit anti-calf H4 Histone antisera (1 
mg/ml). The surrounding wells 2, 3, and 6 contain 10 ul each 
of serially-diluted calf H4 histone (10 ug/100ul). Wells 1 
and 4 contain 10 ul of each serially diluted calf H^ histone. 
Immunoprécipitations were observed only in surrounding wells 
containing H4 histone proteins. 
The [14C]-L-Arginine-labelled poly A (-) mRNA 
translation products were resolved on Linear SDS-PAG gradient 
gels 10-15%. Figure 12 shows an amido-black B stained 
protein gel supporting resolution of low molecular markers 
similar to Histone proteins. Following synthesis, the [14C] — 
L-Arginine labeled H4 histone translation product was 
Figure 11. Specificity of Rabbit anti-calf H4 Histone 
towards calf H4 proteins. Wells 2, 3, and 
6 contain dilutions of calf H4 histone. 
Wells 1 and 4 contain calf histone 
protein. The center well contains 20 yl 
of rabbit anti-calf H4 histone antiserum 
(1 mg/ml). 
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Figure 12. Electrophoretic analysis of [14C] L- 
arginine labeled polypeptides translated 
in vitro as directed by selectively 
purified poly A (-) mRNA. 
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identified as previously described on Linear SDS-PAGE using 
autoradiography. Figure 13 shows the immunoabsorbed [14C]-L- 
Arginine labeled polypeptide synthesized by the addition of 
6-7S poly A (-) mRNA from mid S-Phase Phvsarum polvcephalum 
macroplasmodia. 
Figure 13. Immunoprecipitable polypeptide synthesized 
in the wheat germ in vitro translation 
assay. The H4-Histone pre-protein has a 
molecular weight of 19.9 kd and is 




The isolation of histone polysomes from any source 
requires the careful exploitation of developmental events in 
the organism and the chemical properties of histone mRNA 
molecules. For studies of developmental processes, relating 
to the control and expression of histone genes, Phvsarum 
oolvceohalum strain M3C macroplasmodia is an excellent model 
system (Sauer et al., 1969; Daniel and Rusch, 1961; Rusch, 
1980). This particular subline, derived from the Wis 1 
strain, was shown in this study to be well adapted for growth 
in axenic culture. In other studies, myxamoeba are shown to 
mate and differentiate to form plasmodia which contain 
diploid, heterozygous nuclei that undergo meiosis at the time 
of sporulation (Sauer et al., 1982). In order for a multinu- 
cleated plasmodium to differentiate into the irreversible 
pathway of sporulation, it must become competent to do so. 
The competence process is envisaged to be mediated by pro¬ 
teins, though the mechanism is poorly understood (Sauer et 
al., 1982). In the macroplasmodial growth study, 
quantitative measures of gene products synthesized over a ten 
day growth period clearly indicated a sudden decrease in the 
levels of both mitochondrial and microsomal proteins prior to 
the phenotypic appearance of sporangia. In future studies, 
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it may be useful to analytically screen for the appearance of 
protein(s) which signal for the competence process. 
In Phvsarum. the nuclear cycle of plasmodia phase nuclei 
is characterized by the following events; natural nuclear 
synchrony and closed intra-nuclear division. Genetic analy¬ 
sis has shown RNA transcription in macroplasmodia to be 
biphasic, with predominate heterogenous RNA synthesis 
presumably occurring in S-phase (Fourquet and Braun, 1974; 
Sauer et al., 1982). Recent studies have suggested that 
histone transcription was tightly coupled to DNA replication 
(Kelly et al., 1983) and that in naturally synchronous 
plasmodia, histone synthesis was essentially limited to S- 
phase of the cell cycle (Schofield and Walker, 1982). 
To optimize the recovery of matured poly A (-) H4 
histone messenger RNA, mid S-phase nuclei in early exponen¬ 
tial growth phase macroplasmodia were selected. The accurate 
timing of Interphase was estimated using phase-contrast 
microscopy, with the crescent-shaped nucleolus serving as a 
marker for the onset of Interphase. Previous studies had 
shown, through radioactive thymidine incorporation, that 
label incorporation occurred with telophase and that there 
was no phase in Physarum nuclei. A serious impediment to 
the recovery of intact polysomes from Phvsarum polvcephalum 
are unique, highly active intraplasmodial RNases and acid 
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phosphatases (Philly et al., 1978; Hiraxnaru et al., 1969). 
In addition, many commercial ribonucléase inhibitors are 
suggested to either be poorly or non-permeable to the 
synctial plasmodium (Adam et al., 1980). To minimize 
exogenous ribonucléase contamination, all glassware and 
solutions were pre-treated with diethyl pyrocarbonate. This 
compound interacts specifically with the imidazole nitrogen 
of histidine and the nitrogens of other amino acids causing 
irreversible ribonucléase inhibition (Fedoresak et al., 1969? 
Rhodes et al., 1973). The use of DEPC was restricted to 
autoclavable materials and solutions, due to DEPC-mediated 
damage to adenine bases on single-stranded nucleic acids. 
For the inhibition of intra-plasmodial ribonucleases, a 
previous study using divalent cationic chelator EGTA in high 
ionic strength buffer was shown to achieve marginal rates of 
polysome recovery (Adams et al., 1980). EGTA was suggested 
to rapidly permeate the plasmodium and to inactivate cation- 
dependent types of intra-plasmodial ribonucleases (Hiramaru 
et al., 1969). The high ionic strength buffer was suggested 
to be effective at disrupting the secondary and tertiary 
structure of plasmodial enzymes (Goldberg, 1966; Aldrich and 
Daniel, 1982). In addition, the high concentrations of Mg2+ 
are suggested to interfere with ribonucléase activity 
indirectly by cross-linking exposed RNA sequence (Choi and 
Carr, 1967). In our study, using modified procedures of 
Adams et al., 1980, the competitive ribonucléase inhibitor 
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Vanadyl Ribonucleoside complex was used to significantly 
improve the recovery of matured messenger RNA as assessed in 
mRNA-dependent in vitro translation assays. 
Results from plasmodial ribonucléase inhibition studies 
clearly show improved in vitro translation responses, in the 
form of recovery of TCA-insoluble counts of [3H]-lysine 
labeled polypeptides, from messengers isolated in high ionic 
strength buffer containing 75 mM EGTA and 10 mM VRC. The 
data supports a 41% increase in [3H]-lysine incorporation. 
Vanadyl Ribonucleoside complex was suggested to adopt an 
activated (transitional) configuration which has a greater 
binding affinity for the active site of ribonucleases than 
does the native substrate. Critical imidazole groups of 
histidines are thought to participate in proton transfer 
reactions in the active sites of ribonucleases (Lienhard et 
al., 1971; Berger et al., 1980). 
Phvsarum macroplasmodia contain at least nine RNases 
which cleave labile RNA. These enzymes, e.g., 
intraplasmodial RNases, phosphodiesterases, and trans- 
phosphorylases; have been shown to differ in both cofactor 
requirements as well as subcellular compartmentalization 
(Hiramaru et al., 1978). This study strongly suggests that 
contrary to published reports, most of the plasmodial 
ribonucléase degradation was not mediated by cation-dependent 
enzymes and that high ionic strength concentrations of Na+ 
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and Mg2+ afford minimal inhibition. We suggest that most of 
the ribonuclease-mediated damage was catalyzed by non-cation 
dependent ribonucleases possibly released during cellular 
fractionation procedures. The synergistic effects of DEPC- 
treatment, EGTA, and VRC on intra-plasmodial nucleases showed 
an improved technique for the recovery of translationally 
active messenger RNA. 
Histone polysomes, in Phvsarum. are shown to be 
transcribed during S-phase of the cell cycle (Schofield and 
Walker, 1982; Wilhelm et al., 1984). This class of histones, 
replication-dependent variants, are transcribed as non- 
polyadenylated RNA. The L-arginine-encoding H4 histone mRNAs 
were selectively purified using oligo (dT)-cellulose affinity 
chromatography and resolved into multiple discrete components 
using both SDS-PAGE and linear sucrose density gradient 
centrifugation. For in vitro translation assays to be 
effective, RNA samples were préparâtively resolved, sized, 
dialyzed, and concentrated. The [14C]-L-arginine labeled H4 
histone polypeptide in vitro translation product(s) were 
identified using rabbit anti H4-histone antisera. The 
purity, titer, and specificity of H4 histone antisera were 
monitored using double immunodiffusion (Ouchterlony) discs. 
The absorbed polypeptides, synthesized in mRNA-dependent in 
vitro translation lysates, were eluted from their specific 
antibodies and characterized on linear SDS-PAGE autoradio¬ 
graphs. Calf thymus H4 and Phvsarum H4 histones are 
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suggested through partial amino acid sequence analysis to 
differ by only two conservative replacements (Waterborg et 
al., 1983). The cross-reacting H4-histone pre-protein was 
shown to have a molecular weight of 19,900 daltons, and was 
translated from 6-7S poly A (-) mRNAs (200-320 nucleotides). 
The molecular weight of sequenced H4 histone from calf, 
sea urchin, and Hela S-cells are approximately 11,200 
daltons, with a coding sequence of 306 nucleotides (102 amino 
acids x 3 = 306). In studies where the molecular weights of 
vertebrate histones were analyzed on SDS-PAGE, histone 
fractions showed differences in electrophoretic mobilities 
across phylogenetic classes (Panyim et al., 1971). It is 
proposed that SDS-PAGE evidence presented in this report 
reflects differences in the electrophoretic mobility patterns 
of Phvsarum vs calf thymus H4 proteins, with Phvsarum H4 pre¬ 
protein having a slower migration pattern. The etiology of 
differences in migration patterns have been shown to be 
related to histone-SDS complexing which leads to a lower 
negative charge or less extended and rigid form (Panyim and 
Chalkley, 1971). In the absence of any evidence for post- 
translational shortening of histone polypeptides, the higher 
molecular weight of H4 in vitro translation product may be a 
combination of phylogenetic differences in Histone-SDS 




The isolation of specific, purified xnRNA molecules from 
eukaryotes provides a powerful tool for probing gene 
structure and mechanisms which control gene expression. This 
report provides a major step towards the elucidation of 
histone mRNA biogenesis in Phvsarum polvcephalum. Using mid 
S-phase plasmodial nuclei, we have developed definitive 
methods for negating the degradative activities of highly 
active intra-plasmodial ribonucleases. The synergistic 
effects mediated by diethyl pyrocarbonate, ethylene-Glyco-bis 
(B-amino ethyl ether) N,N'-Tetra acetic acid, and vanadyl 
ribonucleoside complex, on plasmodial nucleases resulted in a 
41% increase in mRNA-dependent in vitro translation 
reactions. Selectively purified poly A (-) mRNAs were 
resolved on SDS-PAGE and linear sucrose gradients and [14C]- 
L-arginine labeled H4 histone in vitro translation product 
was identified using specific anti H4 histone antisera. The 
19.9 kd H4 histone pre-protein, cross-reacting with specific 
antisera, was encoded from 6-7S poly A (-) mRNA. The immuno- 
absorbed protein has a slower migration on SDS-PAGE in 
comparison to calf thymus H4. Though some of the slower 
migration can be attributed to differences in the presence of 
basic amino acid contents between two species (as relates to 
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Histone-SDS complexing) we suggest that the H4 histone in 
vitro translation product contains a precursor sequence. 
The findings from this study on the isolation and 
characterization of H4 histone mRNA and their in vitro 
translation product represent a significant advancement 
towards the molecular cloning of H4 histone genes in this 
organism. The methods developed in this dissertation 
demonstrate that mid S-phase poly A (-) mRNA have been 
selectively purified and their arginine-rich proteins have 
been immunologically identified. The matured, H4 histone 
mRNA may be used to prepare specific cDNA probes and micro¬ 
injection studies may be performed to analyze the mechanism 
of nucleo-cytoplasmic transport of both mRNA and in vivo 
translation products. 
Since histone gene expression and in vivo translation of 
histone proteins have been shown to be developmentally 
coupled processes, the natural nuclear synchrony of this 
lower eukaryote should prove a unique system for analyzing 
histone mRNA biogenesis. The difficulties of isolating 
intact mRNA from Physarum polyceohalum has been a serious 
problem to advancing genetic research in this organism. We 
believe that the phylogenetic uniqueness of this species will 
afford new insight into the control and expression of histone 
mRNA and their in vivo translation products. Though previous 
studies using bacterial and viral systems continue to provide 
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valuable information on the molecular details of gene 
expression, the significant differences in mRNA biogenesis in 
eukaryotes requires the development of eukaryotic models. 
Phvsarum polvcephalum displays developmental characteristics 
of three kingdoms. We believe it is at a unique transient 
position in evolution and the synchronous, closed intra¬ 
nuclear division affords a unique opportunity to analyze the 
histone mRNA biogenesis. 
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